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[57] ABSTRACT 
An improved method of arc welding uses a single power 
supply connected to opposed welding torches placed on both 
sides of a workpiece. Each torch is connected to a different 
polarity lead of the power supply and forms a separate arc 
with the workpiece. When a current is supplied to the ?rst 
torch, it is guided from the ?rst electrode, through the ?rst 
arc, the workpiece, the second arc, and to the electrode of the 
second torch. This guiding function improves the 
penetration, concentration, as well as the directional stability 
of the arc. This permits the effective and efficient welding of 
relatively thick workpieces using existing equipment at low 
current levels. 
17 Claims, 4 Drawing Sheets 
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METHOD OF ARC WELDING USING DUAL 
SERIAL OPPOSED TORCHES 
TECHNICAL FIELD 
The present invention relates generally to the ?eld of 
metal joining and, more particularly, to a method of arc 
Welding using opposed torches, in series, for guiding the 
Welding current through the Workpiece(s), thereby improv 
ing arc penetration and concentration. 
BACKGROUND OF THE INVENTION 
The joining of metal components plays a critical role in 
modern manufacturing and industrial processes. Of the 
different forms of metal joining, arc Welding is Widely used 
to produce a variety of high quality bonds. This is because 
for many applications, arc Welding has proven to be the most 
cost effective manner of metal joining. HoWever, conven 
tional methods of arc Welding suffer from several 
drawbacks, the most prevalent of Which is the inability to 
penetrate relatively thick Workpieces. As a result, such thick 
Workpieces often require multiple passes, Which increases 
Welding time, and/or beveling of the edges of the Weld seam, 
Which increases preparation time. 
Of course, improving penetration reduces the number of 
passes and the Workpiece preparation costs, both of Which 
are important in increasing manufacturing ef?ciency. In this 
regard, gas tungsten arc Welding (GTAW) (also commonly 
referred to as tungsten-inert gas (TIG) Welding) and the 
related plasma arc Welding (PAW) have gained Widespread 
acceptance as providing greater arc penetration than con 
ventional arc Welding methods. 
In conventional gas tungsten arc Welding, a current is 
supplied to a non-consumable tungsten or tungsten alloy 
electrode to form an arc With a Workpiece. A special noZZle 
provides a gas to shield the arc and the Weld pool from 
contamination. The Weld bead may be purely autogenous or 
a ?ller metal compatible With the base metal may be added, 
depending on the requirements of the particular operation. 
While GTAW results in quality Welds, like conventional arc 
Welding, the unconstricted arc prevents deep penetration due 
to the current dissipation. 
Plasma arc Welding involves the use of a non-consumable 
electrode Which may also be comprised of tungsten or 
tungsten alloys. HoWever, in addition to a shielding gas, a 
specialiZed PAW noZZle is provided Which feeds a plasma 
gas into a chamber surrounding the electrode. Current sup 
plied to the electrode forms an arc With the Workpiece(s) 
adjacent to the Weld seam. Heat created by the electric arc 
ioniZes the plasma gas to form electrically conductive 
plasma, Which issues forth from the narroW ori?ce in the 
noZZle and carries the arc to the Workpiece. This narroW 
ori?ce constricts the How of the plasma gas toWards the 
Workpiece into a plasma jet. The arc and plasma jet, col 
lectively referred to as the “plasma arc,” generally reach 
temperatures in excess of 30,000° F. As should be 
appreciated, the combined constricted arc and high tempera 
ture serve to provide greater penetration of the Workpiece(s), 
improved directional stability, and a smaller heat-affected 
Zone than possible With GTAW and other arc Welding 
processes. 
In operation, as the PAW torch traverses the Weld seam, 
the heat of the plasma arc melts the base metal and forms an 
autogenous Weld pool. Depending on the thickness of the 
Workpiece(s) being joined and the Welding parameters uti 
liZed (i.e. the selected arc voltage and current), the extension 
of the plasma arc may create a small hole extending entirely 
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through the Workpiece(s). This hole is termed the “keyhole” 
and is knoWn to provide several bene?cial characteristics, 
such as reducing porosity and transverse distortion in the 
bead. As the torch travels along the surface of the Workpiece 
(s) above the Weld seam, the keyhole is continuously created 
and ?lled. More speci?cally, the base metal melts upon 
encountering the plasma arc or the plasma jet and ?oWs from 
the front of the arc, to the sides, and around to the rear Where 
solidi?cation occurs. Of course, the solidi?ed metal forms 
the Weld bead Which is essential to the metal joining 
operation. 
PAW generally provides the deepest penetration of all 
knoWn arc Welding methods, but even With the improved 
characteristics described above, limitations remain. Even 
With the constricted arc provided by the PAW torch and the 
bene?ts provided by the unique keyhole, proper Welding of 
thicker Workpieces remains a problem. More particularly, it 
is knoWn that during the PAW process, the current required 
to form the arc generally disperses laterally along the surface 
of the Workpiece(s). As a result of this dispersion, the arc 
does not extend into the keyhole due to the absence of 
current. The plasma arc, Which is actually the plasma gas jet 
once it is ioniZed and heated by the arc, becomes the major 
heat ?ux that directly heats the base metal around the 
keyhole, rather than the arc. HoWever, the plasma jet loses 
energy as it penetrates into the Workpiece, Which decreases 
its penetration capability. This may prevent the keyhole from 
extending entirely through the Workpiece. Furthermore, 
increasing the current simply increases the Weld Width and 
the heat affected Zone and, thus, does not signi?cantly 
improve penetration. 
Conventional solutions to overcome these limitations 
include: (1) machining beveled grooves in the Weld seam 
prior to PAW; or (2) conducting multiple passes With the 
PAW torch. While both alternatives provide deeper Weld 
penetration, it should be appreciated both require signi?cant 
additional expense and increase fabrication time. These are 
factors Which are critical in evaluating the comparative 
ef?ciency of modern manufacturing processes. 
Other non-arc type alternatives for Welding thicker 
Workpiece(s) include laser beam and electron Welding. 
These methods permit deeper penetration than both GTAW 
and PAW. HoWever, the complexity and signi?cant cost of 
the equipment required renders each method impractical for 
implementation in many manufacturing applications or for 
small operations. 
Accordingly, a need is identi?ed for an improved method 
of arc Welding for increasing the current penetration through 
the Workpieces, thereby alloWing high quality Welds to be 
formed in or on relatively thick Workpieces at loW current 
levels. The method Would utiliZe existing Welding equip 
ment and, thus, Would be inexpensive to operate, as com 
pared to modern types of deep penetration Welding, such as 
laser beam or electron Welding. Moreover, the method 
Would be easy to implement and adapt to a Wide variety of 
Welding environments. 
SUMMARY OF THE INVENTION 
Keeping the foregoing needs in mind, it is a primary 
object of the present invention to provide an improved 
method of arc Welding that permits the efficient and effective 
joining of relatively thick Workpieces at loW current levels. 
Another object of the present invention is to provide a 
more cost effective method of arc Welding that improves the 
penetration and concentration of the arc by using dual 
opposed Welding torches including at least one plasma arc 
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Welding torch that produce an arc on both sides of the Weld 
seam formed on or between one or more adjoining Work 
pieces. 
Still another object of the present invention is to provide 
a method of arc Welding that produces high quality Welds in 
thick Workpieces and is easy and relatively inexpensive to 
implement using existing Welding equipment. 
Yet another object of the present invention is to provide a 
neW and improved Welding system for performing the 
present method of Welding and achieving its attendant 
bene?ts. 
Additional objects, advantages and other novel features of 
the invention Will be set forth in part in the description that 
folloWs and in part Will become apparent to those skilled in 
the art upon examination of the folloWing or may be learned 
With the practice of the invention. The objects and advan 
tages of the invention may be realiZed and obtained by 
means of the instrumentalities and combinations particularly 
pointed out in the appended claims. 
To achieve the foregoing and other objects, and in accor 
dance With the purposes of the present invention as 
described herein, an improved method of arc Welding With 
dual opposed torches is provided. In the broadest aspects of 
the invention, the method includes the steps of placing a ?rst 
Welding torch having a selected polarity at one side of a 
Workpiece, placing a second Welding torch having an oppo 
site polarity at the opposite side, and providing an electric 
current to form an arc betWeen each torch and the respective 
side of the Workpiece. The term Workpiece refers to one or 
more sections of material either being Welded on or joined 
together. Advantageously, the presence of the dual opposed 
torches having opposite polarities and producing separate 
arcs serves to draW the current from the ?rst Welding torch, 
through the Workpiece, and to the second Welding torch, 
thereby concentrating the current and ensuring that the 
plasma arc thoroughly penetrates the Workpiece. 
In the preferred embodiment, the ?rst torch is a plasma arc 
Welding (PAW) torch and the second torch is a gas tungsten 
arc Welding (GTAW) torch, forms of both torches being Well 
knoWn in the art. The PAW torch is connected to a single 
poWer supply lead having a selected polarity and is placed 
at a selected torch standoff distance at one side of the 
Workpiece. The second torch is placed on the opposite side 
of the Workpiece substantially in-line With the ?rst torch, but 
on the opposite side of the Workpiece. 
In operation, a current is supplied to the electrode of the 
PAW torch to form an arc. Simultaneously, a constant supply 
of plasma gas at a pre-determined ?oW rate is provided to a 
plenum chamber formed around the electrode tip. The arc 
serves to ioniZe the plasma gas, Which then issues from a 
narroW ori?ce in the torch noZZle, thereby forming an 
electrically conductive plasma jet Which carries the arc, 
collectively referred to as the “plasma arc”. The gas com 
ponent of the plasma arc serves to carry and partially shield 
the electric arc as it travels to the Workpiece. 
Upon contacting the Workpiece, the plasma arc melts the 
base metal and forms a Weld pool. As noted above, for the 
proper Workpiece thickness and Welding parameters, the 
plasma arc is suf?ciently strong to form a keyhole extending 
entirely through the Workpiece. This ensures deep Weld 
penetration and the formation of a high quality Weld bead. 
HoWever, for still thicker Workpieces, the plasma jet deion 
iZes and, thus, is prevented from reaching through the 
Workpiece and forming the desired keyhole. This is due to 
the inability of current to extend through the Workpiece. 
In order to provide signi?cantly greater arc penetration 
and thereby produce the desired high quality Welds in 
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thicker Workpieces, the present method includes the step of 
placing a GTAW torch on the opposite side of the Weld seam 
substantially in-line With the PAW torch. The GTAW torch 
is connected to the opposite lead of the poWer supply such 
that it has a different polarity than the PAW torch. Despite 
the inability of the plasma jet alone to penetrate and form a 
keyhole in thicker Workpieces at loWer current levels, all 
current is noW draWn from the PAW electrode, through the 
?rst arc, directly through the Workpiece, through the second 
arc, and to the GTAW torch. 
Thus, the current is directed through the Workpieces, 
rather than simply dispersing laterally along the surface 
upon contact, as is characteristic of prior art PAW methods. 
This advantageously serves to further concentrate the arc 
and ensure plasma jet penetration, even Where relatively 
thick Workpieces (e.g. up to and including three-eighths of 
an inch) are presented and at loWer current levels than 
previously possible. Moreover, the method utiliZes existing 
Welding equipment, thereby avoiding the signi?cant expense 
associated With other forms of deep penetration Welding, 
such as laser beam or electron Welding. Additionally, no 
substantial pre-Welding Workpiece preparation is required 
and multiple passes are unnecessary, thereby improving 
productivity and loWering production costs. 
It should be appreciated that in addition to the system 
described above, other alternate systems are capable of 
producing high quality Welds in thick Workpieces at loW 
currents using the above-described principles. For example, 
the PAW torch and GTAW torch may be alternated, such that 
one is above the Workpieces and the other is beloW, or visa 
versa. When the PAW torch is placed beloW the Workpiece, 
the pressure of the plasma arc forces the molten Weld pool 
in an upWard fashion, thereby preventing the deleterious 
undercut that sometimes forms When the plasma arc is in the 
doWnWard position. The use of other combinations of Weld 
ing torches for use on different base metals is also contem 
plated (e.g. consumable electrode/PAW, GTAW/GTAW, 
consumable/GTAW, PAW/PAW, and others). 
Still other objects of the present invention Will become 
apparent to those skilled in this art from the folloWing 
description Wherein there is shoWn and described a preferred 
embodiment of this invention, simply by Way of illustration 
of one of the modes best suited to carry out the invention. As 
it Will be realiZed, the invention is capable of other different 
embodiments and its several details are capable of modi? 
cation in various, obvious aspects all Without departing from 
the invention. Accordingly, the draWings and descriptions 
Will be regarded as illustrative in nature and not as restric 
tive. 
BRIEF DESCRIPTION OF THE DRAWING 
The accompanying draWing incorporated in and forming 
a part of the speci?cation illustrate several aspects of the 
present invention and, together With the description, serves 
to explain the principles of the invention. In the draWing: 
FIG. 1 is a diagram shoWing a preferred embodiment for 
performing the method of the present invention, With a 
plasma arc Welding torch placed above the Workpieces and 
a gas tungsten arc Welding torch beloW the Workpieces, the 
Workpieces being in a ?at position; 
FIG. 1a is a diagram shoWing an alternate embodiment of 
a system for practicing the method of the present invention, 
including sWitching relative position of the PAW/GTAW 
torches, Which Was used to con?rm the effectiveness of the 
present method and to perform the experiments disclosed 
herein; 
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FIG. 2 is a block diagram showing an alternate embodi 
ment of a system utilizing a consumable Wire electrode and 
a PAW torch in combination for practicing the method of the 
present invention; 
FIG. 3 is a block diagram shoWing another alternate 
embodiment of a system utiliZing tWo GTAW torches in 
combination for practicing the method of the present inven 
tion; 
FIG. 4 is a block diagram shoWing yet another alternate 
embodiment of a system utiliZing a consumable Wire elec 
trode and a GTAW torch in combination for practicing the 
method of the present invention; and 
FIG. 5 is a block diagram shoWing still another alternate 
embodiment of a system utiliZing tWo opposed PAW torches 
in combination for practicing the method of the present 
invention. 
Reference Will noW be made in detail to the present 
preferred embodiment of the invention, an example of Which 
is illustrated in the accompanying draWing. 
DETAILED DESCRIPTION OF THE 
INVENTION 
Reference is noW made to FIG. 1, shoWing a preferred 
embodiment of a system 10 used to perform the improved 
arc Welding method of the present invention. The method 
includes the step of placing a ?rst Welding torch at a selected 
?rst side of the Workpiece W. For demonstration purposes, 
the Workpiece is shoWn a single piece of metal held in the 
?at position. HoWever, it should be appreciated the Work 
piece may encompass one or more pieces of metal being 
joined together in any position. 
In the preferred embodiment, the ?rst torch is a plasma arc 
Welding (PAW) torch 12 of a type knoWn in the art and 
preferably includes a non-consumable electrode 14 sur 
rounded by an inner constricting noZZle 16 forming a 
plenum chamber 18 for supplying the plasma gas. AnarroW 
ori?ce 20 is formed in the tip of the constricting noZZle 16 
Which alloWs the plasma arc PA to form betWeen the PAW 
electrode 14 and the Workpiece W, as described further 
beloW. An outer noZZle 22 formed around the inner noZZle 
16 provides a shielding gas chamber 24 for supplying a gas 
for protecting the arc and the Weld pool from contamination 
by the surrounding atmosphere. 
A second torch is placed on the opposite side of the 
Workpiece W such that it is substantially in line With the 
PAW torch 12. Preferably, a gas tungsten arc Welding 
(GTAW) torch 30 of a type knoWn in the art is used as the 
second torch. HoWever, the use of other combinations of arc 
Welding torches and arrangements is also contemplated, as 
is discussed further beloW. 
As can be appreciated from vieWing FIG. 1, in the 
preferred embodiment, the PAW torch 12 is placed above the 
Workpiece and the GTAW torch 30 beloW the Workpiece W. 
HoWever, as Will be understood after revieWing the disclo 
sure herein, the opposite arrangement may also be utiliZed to 
avoid the undercutting that sometimes occurs in the Welding 
of some metals due to the high pressure created by PAW 
torch When used in the doWnWard position (see FIG. 1a). 
The preferred GTAW torch includes a tungsten electrode 
32 surrounded by a shielding gas noZZle 34. In addition to 
the absence of the plasma jet, the primary difference 
betWeen the GTAW torch 30 and the PAW torch 12 is the 
degree of the electrode extension. More speci?cally, because 
the GTAW second arc SA is not constricted and carried by 
a plasma jet, GTAW requires that the electrode 32 remain 
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closer to the Workpiece W to provide a stable and direction 
ally controlled arc. 
Upon aligning the dual opposed Welding torches 12, 30, 
the step of supplying a current to the PAW torch 12 folloWs. 
More particularly, a poWer supply 40 having opposite polar 
ity leads 42, 44 (i.e. positive and negative leads) is provided. 
Each of the leads are connected to the PAW 14 and GTAW 
32 electrodes, respectively to form the electrical Welding 
circuit. It should be appreciated that the leads may be 
interchanged as necessary to vary the heat input to the 
Workpiece. Preferably, the current supplied to the electrodes 
is pulsed to reduce the heat input to the system 10. 
Speci?cally, the current includes a Waveform that provides 
a direct current electrode negative duration (DCEN) fol 
loWed by a direct current electrode positive duration 
(DCEP). 
The inner constricting noZZle 16 of the PAW torch is then 
supplied With a plasma gas and the outer noZZle 22 With the 
shielding gas. The arc ioniZes the plasma gas to form the 
plasma arc PA betWeen the PAW electrode 14 and the 
Workpiece W. This plasma arc PA serves to melt the base 
metal of the Workpiece W and form the Weld pool. The 
shielding gas serves to protect the Weld pool from contami 
nation by the surrounding atmosphere. 
As mentioned above, during state-of-the-art PAW, the 
current of the plasma arc PA normally disperses along the 
surface of the Workpiece W, rather than penetrating to extend 
the plasma jet into the Workpiece to form the keyhole. To 
overcome this dispersion, the prior art teaches increasing the 
current to improve penetration. HoWever, it should noW be 
appreciated that by using the present method, the current is 
draWn through the Workpiece W and to the electrode 32 of 
the GTAW torch 30. This ?oW-through of current causes a 
second arc SA to form betWeen the GTAW torch and the 
Workpiece W. The second arc SA ensures that the current 
penetrates the Workpiece W, thereby serving to further 
constrict, or concentrate, the plasma arc PA and ensure that 
the Workpiece is fully penetrated. This concentrated arc also 
forms a smaller heat-affected Zone While providing greater 
directional stability than is characteristic of prior art arc 
Welding methods. By draWing the current through the Work 
piece W and further constricting the plasma arc PA, the 
second arc SA ensures that a high quality Weld is formed in 
a thicker Workpiece Without increasing the Welding current. 
As set forth beloW, experiments conducted using the above 
described set-up establish the relatively greater Workpiece 
penetration at loWer current levels. 
EXAMPLE 1 
Referring noW to FIG. 1a, the experimental set-up is such 
that the PAW torch is beloW the Workpiece and the GTAW 
torch is above the Workpiece. The system for performing the 
method of the present invention is referred to as double 
sided arc Welding for convenience (DSAW). The compara 
tive experiment is conducted using a single PAW torch in the 
doWnWard position connected to a variable polarity poWer 
supply, a Well-known and popular prior art Welding 
approach. The comparative system is referred to as variable 
polarity plasma arc Welding (VPPAW) for convenience. 
The Workpiece is 5052 Aluminum held in a substantially 
?at position having a thickness of 6.5 millimeters. HoWever, 
it should be appreciated that the method of the present 
invention is capable of providing the increased penetration 
on a variety of base metals held in any position. 
Pure argon is used as both the shielding gas and the 
plasma gas for the PAW torch used in DSAW. The How rate 
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of the plasma gas is 2.6 standard cubic feet per hour (scfh) 
and the ori?ce diameter of the inner constricting nozzle is 
2.57 millimeters. For the GTAW torch used in DSAW, the 
shielding gas is argon having a How rate of 20 scfh. The How 
rate of the shielding gas for the single VPPAW torch is 30 
scfh. A pulsed current is provided to each electrode having 
alternating positive durations of 15 milliseconds and nega 
tive durations of 15 milliseconds. 
For the ?rst experiment, the aluminum plate has a thick 
ness of 6.5 millimeters. The average current is 95 amperes 
and the arc voltage is 47 volts. For the regular, variable 
polarity plasma arc Welding (VPPAW) process, the average 
current is 100 amperes and the arc voltage is 30 volts. It 
should be appreciated that the arc voltage is higher for the 
present method due to the presence of the second arc. The 
chosen Welding speed for DSAW is 4.7 millimeters per 
second, While the Welding speed is 1.1 millimeters per 
second for the VPPAW operation. 
Using these parameters, it Was determined that the Work 
piece Was Well-penetrated using the DSAW method and the 
Weld fully formed. HoWever, the VPPAW method produced 
only a 37 percent penetration into the identical Workpiece. 
Thus, the DSAW method advantageously achieved a sig 
ni?cantly greater Weld penetration at a greater speed and at 
a loWer current level than standard VPPAW. 
EXAMPLE 2 
For this example, the Workpiece thickness is increased to 
9.5 millimeters. For this thickness, DSAW achieved full 
penetration at a Welding speed of 2.7 mm/s and a current of 
110 amperes. HoWever, previous experiments shoW that the 
VPPAW process utiliZing the above-reference parameters 
requires a sloWer speed of 2.5 millimeters per second and a 
signi?cantly higher current of 220 amperes to produce the 
same degree of penetration. Thus, the DSAW process pro 
duces full penetration at a higher speed and signi?cantly 
loWer current/energy input level. 
Thus, as demonstrated above, the use of the preferred 
combined PAW torch and GTAW torch serves to concentrate 
the arc and improve penetration, no matter Whether the PAW 
torch is above the Workpiece and the GTAW beloW, or visa 
versa. HoWever, it should be appreciated that it is possible 
to substitute different combinations of torches for use With 
different Welding conditions, such as different base metals. 
One such alternate embodiment for performing the 
present improved Welding method using dual opposed arcs 
is shoWn in FIG. 2. The PAW torch 100 is placed beloW the 
Workpiece W, Which for purposes of illustration only is 
shoWn in the ?at position. HoWever, instead of placing a 
GTAW torch above the Workpiece, an arc Welding “torch” 
102 is provided. Use of the term “torch” generally refers to 
any type of arc Welder knoWn in the art, including a simple 
consumable electrode Wire connected to a Wire feed con 
troller. Preferably, the positive lead from the poWer supply 
P is connected to the consumable electrode and the negative 
lead to the PAW electrode. In addition to draWing the current 
through the Workpiece W, the How of current from the 
positive electrode to the consumable negative electrode in 
this electrical Welding circuit serves to continuously melt the 
latter, thereby providing a ?ller metal for producing the 
topside of the Weld bead. 
Alternatively, as shoWn in FIGS. 3, 4, and 5, any different 
types of Welders of Welding torches may be used to perform 
the method of the present invention. For example, as shoWn 
in FIG. 3, tWo GTAW torches 200, 202 may be placed on 
either side of the Workpiece. This set-up is of particular 
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bene?t in the Welding of aluminum or other heat-sensitive 
materials, as it reduces the heat input to the Workpiece, While 
maintaining an increased arc penetration. As shoWn in FIG. 
4, the system may also be altered such that one of the torches 
is a arc Welding set-up With a consumable electrode Wire 
300, and the other is a GTAW torch 302 each connected to 
the poWer supply P. Finally, as shoWn in FIG. 5, tWo opposed 
PAW torches 400, 402 each connected to a single poWer 
supply P may be used as the Welding system to perform the 
improved method of arc Welding of the present invention. 
In summary, an improved method of arc Welding is 
provided for increasing arc penetration. The method uses a 
single poWer supply connected to opposed Welding torches 
placed on both sides of the Workpiece. Each torch is con 
nected to a different polarity lead of the poWer supply and 
each torch establishes a separate arc betWeen the electrode 
and the Workpiece. When a current is supplied to the ?rst 
torch, it is guided through the ?rst arc, the Workpiece, the 
second arc on the opposite side of the Workpiece, and to the 
second torch. This guiding function improves the penetra 
tion and directional stability of the arc, thereby permitting 
the effective and ef?cient Welding of relatively thick Work 
pieces using existing equipment at loWer current levels. 
The foregoing description of a preferred embodiment of 
the invention has been presented for purposes of illustration 
and description. It is not intended to be exhaustive or to limit 
the invention to the precise form disclosed. Obvious modi 
?cations or variations are possible in light of the above 
teachings. The embodiment Was chosen and described to 
provide the best illustration of the principles of the invention 
and its practical application to thereby enable one of ordi 
nary skill in the art to utiliZe the invention in various 
embodiments and With various modi?cations as are suited to 
the particular use contemplated. All such modi?cations and 
variations are Within the scope of the invention as deter 
mined by the appended claims When interpreted in accor 
dance With the breadth to Which they are fairly, legally and 
equitably entitled. 
We claim: 
1. A method of arc Welding a Workpiece using a single 
poWer supply having opposite polarity leads, comprising the 
steps of: 
placing a plasma arc Welding torch having a selected 
polarity at a ?rst side of the Workpiece; 
placing a second Welding torch having an opposite polar 
ity at an opposite side of the Workpiece in substantial 
alignment With the plasma arc Welding torch; and 
supplying a current to the plasma arc Welding torch for 
forming a plasma arc for penetrating into the 
Workpiece, said plasma arc creating a keyhole that 
extends at least partially into the Workpiece; 
said second Welding torch forming a second arc on the 
opposite side of the Workpiece Which serves to draW the 
current and hence the plasma arc into the keyhole to 
improve penetration of the Workpiece. 
2. The method of arc Welding according to claim 1, 
Wherein said second torch is a gas tungsten arc Welding 
torch. 
3. The method of arc Welding according to claim 2, 
including placing the plasma arc Welding torch above the 
Workpiece and the gas tungsten arc Welding torch beloW the 
Workpiece. 
4. The method of arc Welding according to claim 2, 
including placing the plasma arc Welding torch beloW the 
Workpiece and the gas tungsten arc Welding torch above the 
Workpiece. 
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5. The method of arc Welding according to claim 2, 
wherein the step of supplying a current further includes 
supplying a plasma gas adjacent to the electrode of the 
plasma arc Welding torch. 
6. The method of arc Welding according to claim 5, 
Wherein the step of supplying a current further includes 
supplying a shielding gas to shield the plasrn arc. 
7. The method of arc Welding according to claim 1, 
Wherein the second torch is a arc Welder having a consurn 
able Wire electrode being fed toWards the Workpiece. 
8. The method of arc Welding according to claim 1, 
Wherein the second torch is a plasma arc Welding torch. 
9. A method of arc Welding a Workpiece using a single 
poWer supply having opposite polarity leads, comprising the 
steps of: 
placing a plasma arc Welding torch With a selected polar 
ity at a ?rst side of the Workpiece; 
placing a gas tungsten Welding torch With an opposite 
polarity at an opposite side of the Workpiece in sub 
stantial alignment with the plasma arc Welding torch; 
supplying a current, a plasma gas, and a shielding gas to 
the plasma arc Welding torch, the current establishing 
an arc for ioniZing the plasma gas for forming a plasma 
jet for carrying the arc and melting a keyhole in the 
Workpiece; and 
supplying a shielding gas to the gas tungsten arc Welding 
torch; 
Whereby the second torch forms a second arc for guiding 
the current into the keyhole. 
10. The method of Welding according to claim 9, Wherein 
the plasma arc Welding torch includes a non-consurnable 
electrode, Whereby the arc extends betWeen the electrode 
and the ?rst side of the Workpiece. 
11. The method of Welding according to claim 9, Wherein 
the gas tungsten arc Welding torch includes a non 
consurnable electrode, Whereby the second arc forrns 
betWeen the electrode and the opposite side of the Work 
piece. 
12. An apparatus for Welding a Workpiece using a single 
poWer supply having a pair of opposite polarity leads, 
comprising: 
a plasma arc Welding torch having a ?rst electrode con 
nected to a ?rst of the polarity leads of the poWer 
supply, said plasrna arc Welding torch forming a plasma 
arc for penetrating the Workpiece, said plasrna arc 
creating a keyhole that eXtends at least partially through 
the Workpiece; 
a second Welding torch having a second electrode con 
nected to a second of the polarity leads of the power 
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supply, said second Welding torch forming a second arc 
betWeen said second electrode and the Workpiece; 
said ?rst and second electrodes being substantially 
aligned on opposite sides of the Workpiece to draW said 
plasrna arc into said at least partial keyhole to improve 
penetration of said plasrna arc into said Workpiece. 
13. The apparatus according to claim 12, Wherein the 
second Welding torch is a gas tungsten arc Welding torch 
having a non-consurnable electrode. 
14. The apparatus of claim 12, Wherein the second torch 
is an arc Welder having a consumable Wire electrode being 
fed toWards the Workpiece. 
15. The apparatus of claim 12, Wherein the second torch 
is a plasma arc Welding torch having a non-consurnable 
electrode, said plasrna Welding torch including a noZZle 
having an inner chamber for supplying a plasma gas adja 
cent to the electrode of the plasma arc Welding torch and an 
outer chamber for supplying a shielding gas adjacent to the 
second arc and the Workpiece. 
16. The apparatus of claim 12, Wherein the second torch 
is a gas tungsten arc Welding torch having a non-consurnable 
electrode, said gas tungsten arc Welding torch further includ 
ing a chamber for supplying a shielding gas adjacent to the 
second arc and the Workpiece. 
17. An apparatus for Welding a Workpiece, comprising: 
a plasma arc Welding torch having a ?rst electrode, said 
plasrna arc Welding torch generating a plasma arc 
betWeen the ?rst electrode and the Workpiece for pen 
etrating the Workpiece and creating a keyhole that 
extends at least partially into the Workpiece; 
a second Welding torch having a second electrode, said 
?rst and second electrodes being substantially aligned 
on opposite sides of the Workpiece, said second Weld 
ing torch generating a second arc betWeen said second 
electrode and the Workpiece; 
a poWer supply to provide both said plasrna arc and 
second Welding torches With current to generate said 
plasma and second arcs; and 
an electrical Welding circuit for connecting said poWer 
supply to said ?rst and second electrodes to provide 
said ?rst electrode With a ?rst polarity and said second 
electrode With a second, opposite polarity, 
Whereby said second arc serves to draW current from said 
plasrna arc into said at least partial keyhole to improve 
the penetration of the Workpiece. 
* * * * * 
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